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This invention relates to a divided output master cyl 
inder having separate hydraulic circuits to the front and 
rear wheel cylinders of a motor vehicle. 
An important object of the invention is to obtain Sub 

stantial weight transfer compensation in the front and rear 
wheel braking of a motor vehicle with a minimum num 
ber of parts and at minimum expense. 
A further object is to provide a master cylinder of the 

general type referred to wherein hydraulic braking pres 
sure is used as a measure of the rate of vehicle decelera 
tion or transfer of weight from the rear to the front dur 
ing brake application. 
A further object is to provide a master cylinder having 

separate hydraulic connections to the front and rear brake 
cylinders and which is operable after a predetermined 
braking pressure is built up in the rear wheels for sub 
stantially cutting down the rate of flow of fluid to the rear 
wheel cylinders, thus building up rear wheel braking pres 
sures at a much lower rate than is true of front wheel 
braking pressures. 
A further object is to provide such a mechanism where 

in by the use of simple control means, pressure increases 
are materially but proportionately reduced to the rear 
wheel cylinders while being materially increased to the 
front wheel cylinders. 
A further object is to provide a novel arrangement of 

parts for accomplishing the results referred to wherein 
larger and smaller displacement chambers which com 
municate during an initial brake application are cut off 
from each other under predetermined braking conditions 
and wherein, in the event a cutting off of fluid between 
such chambers occurs too early, for example in a panic 
application of the brakes, increased pressure in the larger 
of the two chambers referred to will result in re-estab 
lishing communication between such chambers until pres 
sure in the smaller chamber reaches the proper ratio to 
pressure in the chamber from which fluid is displaced to 
the front wheel cylinders. 

Other objects and advantages of the invention will be 
come apparent during the course of the following de 
scription. 

In the drawings I have shown two embodiments of the 
invention. In this showing 
FIGURE 1 is an axial sectional view through one form 

of master cylinder, the front and rear brake cylinders 
and the piping connections thereto being diagrammatical 
ly illustrated; 
FIGURE 2 is a fragmentary sectional view online 2-2 

of FIGURE 1 showing a residual pressure valve arranged 
between one master cylinder and its associated hydraulic 
brake line; 
FIGURE 3 is a view similar to FIGURE 1 showing a 

modified form of the invention, and 
FIGURE 4 is a graph illustrating distribution of brak 

ing pressures under different conditions. 
Referring to FIGURE 1 the numeral 10 designates a 

master cylinder casting as a whole having relatively larger 
and smaller stepped bores 1 and 12. The casting 10 is 
provided with the usual reservoir 11. Within the bore 
10 is slidable a plunger 12 operable by a push rod 13, and 
this rod may be either pedal- or motor-operated. The 
push rod 13 is sealed in the usual manner by a boot 14. 
The plunger 12 is sealed in the bore 10 by the usual cup 
15, and the usual compensating port 16 is adapted to re 
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plenish fluid losses from a chamber 17 arranged forwardly 
of the plunger 12. This plunger is provided in its for 
ward end with a bore 20 opening as at 21 to the space 22 
back of the head of the plunger 12, and such space is con 
ventionally open as at 24 to one of the chambers 25 of the 
reservoir 11. This reservoir chamber being at atmos 
pheric pressure, it will be apparent that the bore 20 is 
always at the same pressure. 
A stepped plunger indicated as a whole by the numeral 

30 comprises a body 31 having a forward head 32 slidable 
in the bore 12. The plunger 30 includes a rear head 33 
preferably threaded to the body 31 and slidable in the 
bore 1. The seal 15 and head 33 form therebetween the 
chamber 17 previously described, and a spring 34 engages 
at its forward end against the head 33 and at its rear end 
against the plunger 12 to bias the latter to its normal off 
position in engagement with a stop ring 35. 

Within the bore 11 and formed between the heads 32 
and 33 is a chamber 38 of limited capacity communicat 
ing as at 39, preferably through a residual pressure valve 
referred to below with hydraulic lines 40 leading to the 
rear wheel cylinders 41. 
A stem 44 has its rear end in sliding sealed engagement 

with the bore 20 and is provided at its forward end with 
a valve 45 engageable with a seat 46 formed in the 
threaded extension of the head 33. The valve 45 is ar 
ranged in a chamber 47 communicating as at 48 with the 
chamber 38. A spring 49 biases the valve 45 forwardly 
to an open position in which position its movement is lim 
ited by a stop ring 50. 
A hydraulic pressure chamber 55 is formed in the bore 

12 between the head 32 and the forward end of the bore 
12. A replenishing valve controls communication be 
tween the chamber 55 and the other reservoir chamber 56. 
Such valve comprises a stamped shell 57, and a spring 58 
is arranged between this shell and the plunger head 32 to 
bias the latter to its off position. A stem 59 is connected 
at its forward end to a disk 60 arranged in a shell 57, and 
the forward end of the stem 59 is provided with a head 
61 axially movable in a bore 62 formed in the body 31. 
A flanged spring seat 63, against which the rear end of the 
spring 58 seats, has its forward end turned inwardly to 
engage and limit forward movement of the head 61 rela 
tive to the head 32. A spring 64 biases the head 61 for 
Wardly. 
The disk 60 forms a seat for a resilient normally open 

valve 65 and such valve controls the lower end of a pas 
Sage 66 communicating between the interior of the shell 
57 and the reservoir chamber 56. It will be apparent that 
so long as the valve 65 is open compensating fluid is free 
to flow from the reservoir 56 and the chamber 55. 

Forward movement of the plunger 32 as described be 
low allows the spring 64 to seat the valve 65 whereupon 
pressure will be built up in the chamber 55. This pres 
Sure (FIG. 2) will cause hydraulic fluid to flow through 
a passage 70 in which is arranged a conventional residual 
pressure valve 72. From this valve, the hydraulic fluid 
flows through line 73 to the front wheel brake cylinders 
74. The residual valve structure in FIGURE 2 may be 
identical with that employed in conjunction with the open 
ing or passage 39 connected to the chamber 38. 

In the form of the invention shown in FIGURE 1 the 
valve 45 is arranged within the plunger 30 and has an 
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70 

end extending into the bore 20 to be open to atmospheric 
pressure. A modified form of the invention is shown in 
FIGURE 3 wherein a corresponding valve has been 
shown separately from the master cylinder plunger ele 
ments and has been arranged in a casing extension formed 
on the master cylinder body. Those parts of the mech 
anism in FIGURE 3 which are identical to those in FIG 
URE 2 have been indicated by the same reference numer 
als. This is true for example of the master cylinder 
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plunger 80, the parts of which are identical with the 
plunger 12 in FIGURE 1 except for the elimination of 
a bore 20 and port 21. The modified form of the inven 
tion is provided with the same stepped bores 11 and 12, 
and the same reservoir and associated elements are em 
ployed. Instead of a two-part plunger 30, the corre 
sponding unit in FIGURE 3, indicated as a whole by the 
numeral 81 may be made unitary with a rearward exten 
sion 82 to limit movement of the plunger 80 relative to 
the plunger 81. A spring 83 between the two plungers 
biases the plunger 80 to off position. The left-hand end 
of the plunger 81 may be identical with the correspond 
ing end of the plunger body 31 in FIGURE 1, the same 
spring 58 being employed to bias the plunger 81 to off 
position. The relatively small chamber 38 displaces 
fluid as before through the opening 39 into the rear brake 
line 40, while fluid from the forward pressure chamber 
55 is displaced through an opening 70 into the forward 
brake line 73. 

In the modified form of the invention the master cyl 
inder casting is provided with a lateral longitudinally 
elongated extension 86 in which is formed a chamber 87 
communicating through a port 88 with the master cylin 
der chamber 17. The forward end of the chamber 87 is 
formed as a valve seat 89 engageable by a valve 90, cor 
responding to the valve 45, and normally opening the 
chamber 87 to a forward chamber 91 communicating as 
at 92 with the chamber 38. The inner end of a threaded 
plug 93 normally engages the valve 90 to limit its forward 
nOVeTent. 
The extension 86, rearwardly of the chamber 87, is 

provided with a reduced bore 95 slidably receiving in 
sealed engagement therewith the forward end of the stem 
96 which carries the valve 90. A spring 97 biases the 
valve 90 to open position. The bore 95 communicates 
through a passage 98, past the loosely fitting forward 
head of the plunger 80, with the chamber 22, the bore 
95 thus being open to the atmosphere. 

In FIGURE 4 there is graphically represented actual 
and theoretical braking effects under different condi 
tions. Upon the application of the brakes, braking starts 
from"O' and progresses in both the front and rear wheel 
cylinders as indicated by line 100. In the absence of the 
present invention braking pressures in the front and rear 
wheel cylinders would progress uniformly as indicated by 
the dotted line 101. The supplying of braking pressure to 
the front and rear wheel cylinders does not so progress 
with the present invention due to the operation of the 
valve 45 or 90. At the point 102, the supply of brake 
fluid to the rear wheel cylinders starts to increase at a 
much lower rate than the rate of increase in braking pres 
sures to the front wheel cylinders. The ideal distribution 
of braking pressures to the front and rear wheels would 
be as indicated by the line 103. Actual rates of vehicle 
deceleration are indicated along the line 104. For ex 
ample, the valve 45 or 90 would close when the de 
celeration force is one-third of gravity, at approximately 
11 ft. per sec.2. Deceleration force at .5 and .8 of gravity 
are as indicated along the line 103. With the valve 45 
or 90 closed at the point 102, the relative rates of in 
crease of hydraulic pressure to the front and rear wheels 
would be approximately as indicated by the dotted line 
104 quite close to the ideal line 103 and coinciding there 
with 8 of gravity. The pressure distribution due to the 
ratio of the valve 45 or 90 is indicated by the dot and 
dash line 105. 

Operation 

The parts normally occupy the positions shown in FIG 
URE 1, as stated. The brakes are operated by effecting 
movement to the left of the push rod 13, either by a 
brake pedal or motor. The spring 34 is weaker than the 
spring 58 and accordingly will start to compress. The 
capacity of the chamber 17 accordingly will reduce and 
fluid will flow from the chamber 17 past the valve 45 into 
the chamber 38 and thence through passage 39 to the 

? 
rear brake cylinders. The generation of hydraulic pres 
sure in the chamber 17 then effects movement of the 
plunger 30 to initially allow the spring 64 to close the 
valve 65 and then displace fluid from the chamber 55 
through the opening 70 to the front wheel brake cylinders. 
Movement of the plunger 30 also reduces the capacity of 
the chamber 38 so that momentarily both of the cham 
bers 17 and 38 will displace fluid through the passage 39 
to the rear wheel cylinders. 
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Since the right-hand area of the stem 44 is exposed to 
atmospheric pressure in the bore 20, an increase in pres 
sure in the chamber 47 will affect an area of the left-hand 
face of the valve 45 equal to its area minus the area of the 
stem 44. This pressure tends to move the valve 45 to 
closed position and when it is sufficiently high to over 
come the spring 49, the valve 45 will close and no further 
fluid wiil flow from the chamber 17 into the chamber 38. 
The valve 45 closes at the point 102 in FIGURE 4. 
From this point on, fluid will be displaced to the rear 

wheel cylinders solely from the chamber 38 of Small 
capacity at a relatively slow rate, At the same time fluid 
will be displaced from the chamber 55 at a relatively 
higher rate and at a higher pressure since the effort ex 
pended by the push rod 13 will now be proportionately 
divided between the chambers 55 and 38, no further fluid 
being expelled from the chamber 17. Accordingly front 
wheel pressures will increase relatively rapidly as indicated 
in FIGURE 4, and while pressures will also be increased 
to the rear wheel cylinders, the rate of increase is much 
lower than the rate of increase to the front wheel cylin 
ders. The volume of fluid displaced to the rear wheel 
cylinders obviously will be in fixed relation to the volume 
of fluid displaced to the front wheel cylinders and the 
rate of pressure increase to both sets of wheel cylinders 
is in fixed relation to the ratio of the volume of fluid 
displaced from the chambers 38 and 55. Obviously, the 
smaller the annular area of the chamber 38 is in relation 
to the cross sectional area of the chamber 55, the smaller 
will be the relative rate of increase in the chamber 38. 

It is possible through a panic stop and a rapid opera 
tion of the plunger 12 to initially build up a pressure in 
the chambers 38 and 47 which may result in closing the 
valve 45 too soon. If this should occur, pressure would 
be rapidly built up in the chamber 17 and this pressure 
would act against the right-hand area of the valve 45 
between the stem 44 and seat 46. This pressure, assisted 
by the spring 49, will open the valve 45 for the flow of 
fluid from the chamber 7 into the chamber 47 to re 
establish the proper operating conditions. This will estab 
lish a proper balance of the desired ratios of braking pres 
sures in accordance with the showing in FIGURE 4. 
The operation of the form of the device shown in FIG 

URE 3 is the same as that described in connection with 
FIGURE 1, the only difference being in the location and 
not in the functioning of the valve 90. The spring 97 
tends to maintain the valve 90 unseated, and when, upon 
operation of the plunger 80 to displace fluid through port 
88 into chamber 87, chamber 9, port 92 and chamber 
38, the pressure in the chamber 91 reaches the desired 
point, it will act against the left-hand face of the valve 
90 to close it and prevent further displacement of fluid 
from the chamber 17 into the chamber 38. Thereafter, 
fluid will be displaced only from the chamber 38 to the 
rear wheel cylinders, as described above. As before, 
a premature seating of the valve 90 upon a panic operation 
of the brakes will result in building up pressure in the 
chamber 7 which will act in the chamber 87, assisted 
by the spring 97, to open the valve 90 for the further flow 
of fluid from the chamber 17 to the chamber 38 to re 
establish the desired pressure ratio conditions. 

. It will be obvious that movement of the plunger 30 
or 81 closes the compensating valve 65. When force on 
the push rod 13 is released, the spring 58 returns the 
plunger 30 or 81 to its normal position, and such move 
ment is limited to the point where the head 61 engages 
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the inner flange of the spring seat 63 and moves the valve 
65 to open position with the disk 60 engaging the cage 
57. The spring 34 or 83 will return the rear plunger 12 
or 80 to its normal position. The drop in pressure in 
the chamber 38 upon the releasing of the parts allows 
the spring 49 or 90 to open its associated valve 45 or 
90. 
Weight transfer in a decelerating vehicle is proportional 

to the rate of vehicle deceleration and overall brake 
torque. Of course the hydraulic brake pressure varies 
somewhat with the coefficient of friction of the linings 
and the effectiveness of the brakes. Nevertheless the 
hydraulic pressure is representative of vehicle decelera 
tion and will not cause a greater error in the operation 
of the present device than variations in brake torque shift 
ing between the different wheels due to fade or other 
factors resulting in a change in the coefficient of friction 
of the brake linings. Accordingly the present mechanism 
has been found to be highly effective for retarding the 
rate of increase of rear wheel brake pressures while 
providing for substantial increases in the rate of 
pressures supplied to the front wheel brakes. Accord 
ingly the brakes are far more efficient. Locking and 
sliding of the rear wheels is greatly minimized and a 
substantially greater percentage of the braking forces is 
expended at the front wheels where braking is far more ef 
fective than at the rear wheels, particularly under weight 
transfer conditions when the vehicle is being decelerated. 

It is to be understood that the forms of the invention 
shown and described are to be taken as preferred examples 
of the same and that various changes in the shape, size, and 
arrangement of the parts may be made as do not depart 
from the spirit of the invention or the scope of the ap 
pended claims. 

I claim: 
1. In a braking system for a motor vehicle having dif 

ferent sets of wheel cylinders, a fluid pressure generating 
device comprising a plurality of pressure chambers a first 
of which is connected to one set of wheel cylinders and 
the others of which are connected to the remaining wheel 
cylinders, said other chambers including a chamber sub 
stantially smaller than said first chamber, movable mem 
bers for generating pressures in the respective chambers 
to displace fluid into said sets of wheel cylinders, means 
for applying a force to one of said movable members to 
actuate it, fluid in the system transmitting such force be 
tween all of said movable members to simultaneously 
actuate all of such members upon actuation of said one 
movable member, and means responsive to the building 
up of pressure to a predetermined point in said other wheel 
cylinders for disconnecting all but said small chamber 
from said remaining wheel cylinders whereby operation 
of said pressure generating means builds up pressure 
in said one set of wheel cylinders at a relatively rapid rate 
and in said other set of wheel cylinders at a relatively 
slower rate. 

2. In a braking system for a motor vehicle having dif 
ferent sets of wheel cylinders, a fluid pressure generating 
device comprising first, second and third chambers and 
means for generating pressures in said chambers, said first 
chambers being connected to one set of wheel cylinders, 
said second and third chambers being normally connected 
to each other, said second chamber being of a substan 
tially reduced displacement as compared with said first 
chamber and being connected to the remaining wheel 
cylinders, movable members for generating pressures in 
the respective chambers to displace fluid into said sets of 
wheel cylinders, means for applying a force to one of 
said movable members to actuate it, fluid in the system 
transmitting such force between all of said movable 
members whereby all of such members are actuated upon 
actuation of said one movable member, and means respon 
sive to the building up of pressure to a predetermined 
point in said other wheel cylinders for disconnecting said 
third chamber from said second chamber whereby solely 
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6 
Said second chamber displaces fluid to said remaining 
wheel cylinders and at a slower rate than fluid is dis 
placed from said first chamber to said one set of wheel 
cylinders. 

3. In a braking system for a motor vehicle having 
different sets of wheel cylinders, a fluid pressure generat 
ing device comprising a master cylinder, a pair of spaced 
connected plunger heads operative in said master cylinder 
and forming therebetween a chamber of relatively small 
displacement, one of said plunger heads forming with one 
end of said master cylinder a chamber of substantially 
greater displacement than said chamber of small displace 
ment and connected to one set of wheel cylinders, said 
chamber of relatively small displacement being connected 
to the remaining wheel cylinders, a plunger mounted in 
the end of said master cylinder opposite said first cham 
ber and spaced from the adjacent plunger head to form 
therewith a third chamber normally communicating with 
said chamber of small displacement whereby movement 
of said plunger displaces fluid from said third chamber 
into said chamber of small displacement and from the 
latter into said remaining wheel cylinders while fluid pres 
Sure in said third chamber moves said plunger heads to 
displace fluid from said first chamber into said one set 
of wheel cylinders, and means responsive to a rise in 
pressure to a predetermined point in said remaining wheel 
cylinders for closing communication between said third 
chamber and said chamber of small displacement. 

4. In a braking system for a motor vehicle having dif 
ferent sets of wheel cylinders, a fluid pressure generating 
device comprising a master cylinder body having con 
nected bores of different diameters, a piunger having con 
nected plunger heads spaced from each other and respec 
tively operating in said bores, one plunger head forming 
with said smaller bore a first pressure chamber communi 
cating With one set of wheel cylinders, said plunger heads 
forming therebetween an intermediate chamber of smaller 
cross sectional area than said first chamber whereby the 
other plunger head will displace therefrom fluid at a 
lower rate than fluid is displaced from said first chamber 
by said one plunger head, said intermediate chamber being 
connected to the remaining wheel cylinders, a second 
plunger mounted in the end of said larger bore remote 
from said smaller bore and spaced from the other of said 
plunger heads to form a third chamber normally com 
municating with said intermediate chamber whereby 
operation of said second plunger will displace fluid into 
said intermediate chamber and thence into said remaining 
wheel cylinders and pressure in said third chamber will 
operate said first plunger to displace fluid from said first 
and intermediate chambers respectively into said one set 
of wheel cylinders and said remaining wheel cylinders, 
and means responsive to the building up of a predeter 
mined pressure in said other wheel cylinders for closing 
communication between said third and intermediate 
chambers. 

5. In a braking system for a motor vehicle having dif 
ferent sets of wheel cylinders, a fluid pressure generating 
device comprising first, second and third pressure cham 
bers, plunger means for generating pressures in all of said 
chambers, means for applying the same forces to simul 
taneously operate said plunger means, said first chamber 
being connected to one set of vehicle wheel cylinders, 
said second chamber being of smaller displacement than 
said first chamber and being connected to the remaining 
wheel cylinders, a passage normally connecting said sec 
ond and third chambers whereby operation of said plunger 
means displaces fluid from said third chamber into said 
second chamber to be supplied to said remaining wheel 
cylinders, and a pressure responsive valve device con 
trolling said passage and subject to pressure in said sec 
ond chamber whereby when such pressure increases to 
a predetermined point said passage will be closed and 
fluid will be displaced to said remaining wheel cylinders 
solely from said second chamber and at a rate lower than 
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the rate of displacement from said first chamber into said 
one set of wheel cylinders. 

6. A system according to claim 5 wherein said pres 
Sure responsive device comprises a valve in said second 
chamber, said passage having a seat engageable by said 
valve, and means biasing said valve to open position, said 
valve having a pressure surface open to said second cham 
ber and facing away from said seat whereby, when pres 
sure in said second chamber reaches said predetermined 
point, said valve will close, 

7. A system according to claim 6 wherein said valve is 
provided with a stem projecting through and of substan 
tially smaller diameter than said seat, said valve having 
a surface between said stem and said seat, when said 
valve is closed, exposed to pressure in said third chamber 
whereby, if said valve closes before said predetermined 
pressure is built up in said second chamber, a predeter 
mined pressure in said third chamber will act on said 
valve to restore communication between said second and 
third chambers until said predetermined pressure is built 
up in said second chamber. 

8. A system according to claim 6 wherein said valve is 
provided with a stem projecting through and of Substan 
tially smaller diameter than said seat, said valve having 
a surface between said stem and said seat, when said 
valve is closed, exposed to pressure in said third chamber 
whereby, if said valve closes before said predetermined 
pressure is built up in said second chamber, a predeter 
ined pressure in said third chamber will act on said 

valve to restore communication between said second and 
third chambers until said predetermined pressure is built 
up in said second chamber, the end of said stem opposite 
said valve being exposed to atmospheric pressure. 

9. A system according to claim 6 wherein said valve is 
provided with a stem projecting through and of substan 
tially smaller diameter than said seat, said valve having 
a surface between said stem and said seat, when said 
valve is closed, exposed to pressure in said third chamber 
whereby, if said valve closes before said predetermined 
pressure is built up in said second chamber, a predeter 
mined pressure in said third chamber will act on said 
valve to restore communication between said second and 
third chambers until said predetermined pressure is built 
up in said second chamber, a bore in which the other 
end of said stem is slidable in sealed engagement, said 
other end of said stem being exposed to atmospheric 
pressure. 

10. In a braking system for a motor vehicle having dif 
ferent sets of wheel cylinders, a fluid pressure generating 
device comprising a master cylinder body having con 
nected bores of different diameters, a plunger having 
spaced plunger heads respectively operating in said bores 
and a portion connecting said heads and forming with 
said heads and with said larger bore an intermediate pres 
sure chamber of relatively small displacement, one of said 
heads forming with one end of said smaller bore a pres 
sure chamber connected to one set of wheel cylinders, 
said intermediate chamber being connected to the remain 
ing wheel cylinders, a second plunger operable in the end 
of said larger bore opposite said smaller bore and forming 
with the other plunger head a third chamber, a passage 
connecting said third and intermediate chambers whereby 
movement of said second plunger displaces fluid from said 
third chamber into said intermediate chamber to be sup 
plied to said remaining wheel cylinders while pressure in 
said third chamber effects movement of said plunger 
heads, and a pressure responsive valve device controlling 
said passage and subject to pressure in said intermediate 
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chamber when such pressure increases to a predetermined 
point to disconnect said third chamber from said inter 
mediate chamber. 

11. In a braking system for a motor vehicle having dif 
ferent sets of wheel cylinders, a fluid pressure generating 
device comprising a master cylinder body having con 
nected bores of different diameters, a plunger having 
spaced plunger heads respectively operating in said bores 
and a portion connecting said heads and forming with 
said heads and with said larger bore an intermediate pres 
sure chamber of relatively small displacement, one of said 
heads forming with one end of said smaller bore a pres 
sure chamber connected to one set of wheel cylinders, 
said intermediate chamber being connected to the remain 
ing wheel cylinders, a second plunger operable in the end 
of said larger bore opposite said smaller bore and forming 
with the other plunger head a third chamber, a passage 
connecting said third and intermediate chambers whereby 
movement of said second plunger displaces fluid from said 
third chamber into said intermediate chamber to be sup 
plied to said remaining wheel cylinders while pressure in 
said third chamber effects movement of said plunger 
heads, said passage having a valve seat opening into said 
intermediate chamber, and a valve in said intermediate 
chamber biased from said seat to normally connect said 
third and intermediate chambers, said valve having a 
pressure surface in said intermediate chamber facing away 
from said seat whereby, when pressure in said interme 
diate chamber increases to a predetermined point, said 
valve will close to disconnect said third and intermediate 
chambers whereby fluid will be displaced into said remain 
ing wheel cylinders at a lower rate than fluid is displaced 
into said one set of wheel cylinders from said second 
mentioned chamber. 

12. A system according to claim 11 wherein said valve 
is provided with a stem substantially smaller than and 
projecting through said passage to expose to pressure in 
said third chamber an area of said valve between said 
seat and said stem whereby, if said valve should close 
before said predetermined pressure is reached in said in 
termediate chamber, the building up of pressure in said 
third chamber to a predetermined point will act against 
said valve to open it and re-establish communication be 
tween said third and intermediate chambers until pres 
sure in said intermediate chamber reaches said predeter 
mined point. 

13. A system according to claim 12 wherein said sec 
ond plunger is provided with an axial bore communicating 
with the atmosphere, the end of said stem opposite said 
valve being slidable in said last named bore in sealed 
engagement therewith whereby said last named end of 
said stem will be exposed to atmospheric pressure. 

14. A system according to claim 12 wherein said valve 
and said stem are mounted in said master cylinder body 
laterally offset from said plungers, said master cylinder 
body having a bore open to atmospheric pressure and in 
which the end of said stem opposite said valve is slidable 
in sealed engagement to be exposed to atmospheric pres 
SU.I.E. 
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